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Abstract 

Conventional  electrically  addressable  spatial  light  modulators  turn  out  to  have  different 
transfer  functions  along  the  fast  (horizontal)  and  the  slow  (vertical)  directions.  This  feature  is 
utilized  to  increase  the  performance  of  a joint  transform  correlator  and  also  prove  it  by  optical 
experiment. 
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1.  Introduction: 

The  joint-transform  correlator  [1]  has  some  clear  advantages  over  VanderLugt-type 
correlators  [2]  because  it  does  not  require  critical  filter  positioning,  and  also  real  time 
operation  (both  an  input  and  a filter)  is  easier  by  using  commercially  available  low  cost  spatial 
light  modulators  (SLMs)  [3,  4].  It  does,  however,  require  a recording  material  with  high 
resolution. 

Recently,  we  have  observed  that  the  transfer  function  of  an  electrically  addressable  SLM 
is  significantly  different  along  the  horizontal  (fast  scan)  and  the  vertical  (slow  scan) 
directions.  In  this  paper,  we  utilize  the  directionality  of  an  electrically  addressable  SLM  to 
improve  the  performance  of  a joint  transform  correlator  in  terms  of  input  space  bandwidth 
product  and  efficiency. 

2.  Directional  dependence  of  the  transfer  function  of  an  electrically  addressable  LC- 

SLM  and  the  experimental  results 

Figure  1 illustrates  the  directional  dependence  of  the  transfer  function  of  an  electrically 
addressable  SLM.  The  structure  and  the  addressing  scheme  of  an  LC-SLM  is  shown  in  Fig. 
1(a).  A vertical  grating  shown  in  Fig.  1(b)  is  blurred  along  the  fast  scan  (horizontal)  direction. 
Such  a blur  along  the  fast  scan  direction  is  attributed  to  the  limited  response  time  of  the  driver 
electronics  and  the  liquid  crystal.  On  the  other  hand,  a horizontal  grating  in  Fig.  1(c)  has  clear 
boundaries  because  the  addressing  is  achieved  at  a much  slower  rate  along  the  vertical 
direction  and  the  blur  occurring  along  the  fast  scan  direction  does  not  affect  the  grating. 

Two  LC-SLMs  are  used  for  this  experiment:  Kopin  LC-SLM  (Kopin  Corp.  Model  LVGA) 
and  CRL  LC-SLM  (CRL,  Model  SVGA)[5],  Figure  2 shows  the  experimental  microscopic 
images  of  grating  patterns  with  different  periods  and  orientations.  Fig.  2 (a)-(d)  were  obtained 
using  the  Kopin  LC-SLM  (640X480  pixels  and  pixel  period  is  24  pm  x 24  pm).  In  case  of 
these  large-period  gratings,  as  in  Fig.  2(a)  and  (b),  both  image  patterns  are  displayed  faithfully 
regardless  of  orientation.  The  grating  period  is  20  pixels,  but  the  gratings  are  oriented  along 
the  vertical  and  the  horizontal  directions  in  (a)  and  (b).  However,  when  the  grating  period  is 
small,  as  in  Figs  2(c)  and  (d),  the  shape  of  the  vertical  grating  (c)  is  significantly  smeared 
along  the  fast  scan  direction  and  so  the  grating  pattern  is  not  easily  recognizable.  On  the  other 
hand,  the  horizontal  grating  shown  in  (d)  has  a clear  pattern  with  high  contrast. 

Such  directionality  seems  to  be  common  for  any  electrically  addressable  SLM.  Figures  2 
(e)  and  (f)  are  obtained  for  CRL  LC-SLM  (800X600  pixels,  and  each  switchable  area  is  26 
pm  x 24  pm).  As  expected,  the  vertical  grating  (e)  is  smeared  along  the  fast  scan  direction, 
while  the  horizontal  grating  (f)  is  clear. 

We  setup  an  experimental  system  for  measuring  the  transfer  functions  of  SLMs.  An  input 
pattern  with  various  frequencies  and  orientations  is  generated  by  a computer  displayed  on  the 


SLM,  and  Fourier  transformed  by  lens  Li  (f=25  cm).  A detector  located  at  the  focal  plane 
detects  the  intensity  of  the  1st  order  and  the  0-th  order  diffracted  beams.  Fig.  3 shows 
diffracted  efficiency  r|(the  intensity  ratio  of  the  first  order  with  respect  to  the  0-th  order 
beam)  as  a function  of  grating  period  (A  in  pixels)  for  two  different  grating  orientations 
(horizontal  fast  scan  and  vertical  slow  scan  directions).  As  can  be  see  in  the  figure,  the 
horizontal  gratings  show  flat  and  high  response  over  a broad  range  of  grating  periods,  even  up 
to  the  highest  frequency  of  A=2  pixels,  while  vertical  gratings  have  poor  efficiency  at  small 
grating  periods. 

3.  Application  of  the  directionality  of  an  SLM  to  joint  transform  correlation 

The  significant  difference  in  the  transfer  function  of  an  SLM  between  the  horizontal  and 
the  vertical  directions  can  be  expored  to  improve  the  performance  of  a joint  transform 
correlator  (JTC).  In  order  to  prove  the  concept  experimentally,  a JTC  was  built  as  shown  in 
Figure  4.  Fig.  5 shows  the  correlation  outputs  obtained  from  the  system.  To  compare 
correlation  performance  along  the  two  different  directions,  the  three  same  fingerprints  used  as 
input  patterns  are  arranged  as  shown  in  Fig.  5(a),  each  two  separated  by  the  same  amount,  (D 
= 143  pixels)  along  both  horizontal  and  vertical  directions.  Fig.  5(b)  shows  the  correlation 
output.  As  expected,  the  correlation  bright  spot  is  much  stronger  along  the  vertical  direction 
than  along  the  horizontal  direction.  This  result  clearly  demonstrates  that  our  idea  - orienting 
SLM-2  so  that  its  grating  runs  along  the  fast  horizontal  direction  - works  well. 

Figure  6 shows  the  intensity  of  the  auto-correlation  peak  outputs  as  a function  of  grating 
period  of  a hologram  which  is  inversely  proportional  to  the  distance  D between  an  input 
pattern  and  a reference  pattern  in  the  input  plane.  As  shown  in  the  Figure,  orientation  of  the 
fast  scan  direction  of  an  SLM  along  the  grating  direction  (marked  with  triangles)  renders 
significantly  better  performance  than  that  for  the  orthogonal  direction  (marked  with  circles). 
The  discrepancy  between  the  present  results  and  those  shown  in  Fig.  3 (b)  is  attributed  to  the 
phase  non-uniformity  of  SLM-1  and  the  limited  resolution  of  the  CCD-1. 

4.  Conclusion: 

We  have  quantitatively  characterized  the  differences  in  the  transfer  functions  of  an  SLM 
along  both  fast  (horizontal)  and  slow  (vertical)  scan  directions.  Based  on  the  result,  we  have 
proposed  and  demonstrated  that  the  performance  of  a joint  transform  correlator  can  be 
significantly  improved  by  orientating  an  SLM  so  that  the  holographic  grating  is  oriented 
along  the  horizontal  (fast  scan)  direction. 
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